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DECLARATION OF MARTIN COLLOMS 
I, Martin CoUoms, of London, England, declare as fiillaws: 

INTRODUCTION 

1. I reside at 29 Flask Walk. London, NW3 IHH, Great Britain; I am an independent 
consulting engineer; I graduated torn the University of Westminster. England, with a 
Bachelor of Science degree in Electrical Engineering, with honours; I am a chartered 
engineen 1 have over twenty five years experience of the Hi-Fi electronics indastry. as an 
engineer, as a product designer (about 130 designs produced fbr mass production), as a 
manager of companies operating in this field, and as an independent consultant; 1 regularly 
review products and write articles for (he joumal "Hi-^Fi News and Record Review" (UK) and 
am Senior Contributing Editor to Stereophile magazine (USA); I have published many 
papers, in particular at Audio Enpneering Society meetings; I have authored a design 
textbook entitled "Hi^ performance Loudspeakers", published by John Wiley, now in its 
fiffi, edition dated 1997; I am a oontributijig author to the textbook "The loudspeaker 
handbook", edited by J<*n Boiwick. priblished by Helnmann-Butterworfli. 

2. I am a constdtant to New Transducers Limited (liereinafier "NXr'), the assignee of 
the above-captioned United States patent application to Azima, et al.. No. 09/752,830, and 
am fenlKar with the technology disclosed and claimed therein. The application concerns 
panel-fonn resonant bending wave loudspeatoas. which have become known as distributed 
mode ff)M) loudspeakers. The claims of the application specify that at least a portion of the 
panel-form member is transparent, and that the vibiatioB exciting transducer is mounted to an 
edge or marginal portion of the panel-fbrra member. 
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TUSTORTCAL DEVELOPME NT OP LOUPSreAKERS 

3. Only a vary few panel type speakers were avaitable before 1995; the vast majority of 
speakers in use had conical and/or dome shaped radiating diaphragms. The out-of-pleme, 
"cmc" shape relates to the objective of making a stiff, light sound radiator of moderate cost. 
e.g., out of sheet paper w plastic material. TTie ahemative dome sh^e tends to be used in 
smaller miits. e.g.. tweeters, and maybe made from a variety of materials including resinated 
clo& and even metal foil. 

4. These traditional moving coil driven "cone speakers" were and are very saccesslul. 
They rely fimdamentally on the principle of non-bendlng. pistonic operation, and date ftom 
the 1920s. A tubular voice coil is fteely suspended for axial movement in a strong, 
concentric magnet gap, allowing to and fio motion. A light sheet of paper or plastic, not 
much thicker than ordinary good quaUty paper, is made in the shape of a ShaUow cone, is 
joined to the voice coil at the apex, and is fieely suspended at the rim or edge using a 
compliant plastic, rubber or fkbric surround The latter is often in the form of accordion style 
pleats or a roll type (half-toU). 

5. The conical shape is immensely stififer than the flat sheet and allows the diaphragm 
which is so formed to operate as an essentially rigid stiuctm^ overmost of the frequency 
lanee - e.g., fiom below 50Hz in the bass to many kHz m the treble, in the case of a tm«A 4 
01 S inch driver- the entire diaphragm moving as a stiff unit so that distortion is mimmised. 
Higher in the frequency tange. where the sotmd is composed mainly of natural harmonics, the 
cone may then ftil to act » one and various ao<alled •'break-up" behaviours occur, with 
concentric and axial modes of vibration, these nonetheless dominated by tiie conical 
geometry. 

6. In higher quality applications the frequency range may be separated by a crossover 
network so that two 01 more specialised drive units may be used, each adapted for the chosen 
frequency range. Thus a 5 inch mid-bass driver may crossover to a 1 inch titanium dome 
tweeter at about 3kHz. Such a tweeter can maintain die desired piston operation to well 
beyond audibihty, even to 30 kHz in some examples, 

7. Designers and inventors have struggled for years to engineer an attractive alternative, 
such as the flat panel, to the cone speaker. "Where the radiating panel is flat, it allows slim 
speaker fiorras, a freedom fiom acoustic cavity effects, and depending on tbe type, further 
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valuable benefits such as wide radiation angles, foil freqaency lesponse fi«m one device and 
even iniieient visual transparency. 

8. me few panel speakers of this eartier period were of various types and many did not 
operate inbendlng. The best known non-bending type is (he flat panel piston speaker. Here 
a costly, high quality composite structure is used for the diaphragm to try and obtain the 
highest possible frequency before it begins to "break up" or bend. Ordinary thin cone 
material, if flat, would begin bending from as low as 70Hz. a.d with increasing frequency the 
catastrophic lack of rigidity wiU result hi irregular, severe resonances, impartmg m uneven 
and failing frequency response, 

9. By usfaB a costly aerospace composite the StSffccss of the flat diaphragm may be 
made so high that bending is deferred to a frequency beyond the int«idedworidng range. 
Purepiston operation is achieved in the woridng range. These speaker drivers do have a 
Kmited range on frequency span and are also limited on grounds of narrowing sonnd radiation 
(due to the natural acoustics of the particukr diameter of the radiator). To cover the audible 
frequency response range, two or more such drivers would be used in graded sizes. 

10. Two notable kinds of bending panel speaker were known before DM loudspeaken 
were developed. One the Heron multi-«sonant type (see, e.g., US 6,058,196). which only 
operates above the critical or coincidence frequency for the panel. Such a panel is rather 
large, very Stiff, and of consequently low efficiency, and necessarily has restricted low 
frequency output. It is not designed for a pardoolar modal distribution. Rather, it relies on 
the natural property of apanel whereby, at higher frequencies, the modal density is high 
enough for acceptable use as is. Heron is only known from the patent literature and has oevei 
been comm^sialised. 

1 1 . Another is the Bertagni type, which may be planar or may have a planar front but may 
be deeply contoured at the back to form a kind of energy terminating fonu. a solid cone when 
viewed in profile. See, e.g., US 5.425,107 and US 5,693.917. This cannot be regarded as a 
panel radiator of the ideal type - one of substantiaUy uniform thickness, where ordered, 
bending wave operation is the objective and is subject to the ordered application of good 
physics and math. Both planar and conical forms of Bertagni speakers taught a hammer-like 
drive to the diaphragm, which was made of bonded granules of expanded polystyrene, and 
which provided aredudngradiating area with frequency. Thus, bending v^aves are not 
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aUowcd to propagate ever the surface. Tbey operate in "flexure." but not in &ee bending. 
Anti-resonance methods also taught include a "twninating channel" at the periphery and the 
Dse of masses placed at vibnttionally active points to suppress resonances. 

12. Fortheiisoa] stiff;iiglvtflBtpistonicdiaphragininthe toofacir™iarplate,when 
bending begins, as it will as the frequency increases, the shape of thebendiDE modes forms a 
series of concentric circles. The sparse modes donunate the sound output, which is very 
uneven and is «mside«d unusable fcr a loudspeaker. This is because there is only one series 
or set of useM modes. A square plate behaves similarly with a degree of disc-like behaviour, 
while the lower bending frequencies for the square follow plate geometry and are coincident, 
i.e. the same fer the two axes. Prior art panel speakers of this genetal type have traditional 
central drive and have far too few resonances at lower frequencies to be of any use. 

13. However, suppose that we may specify or parametise tiie physical properties of the 
bendhig plate or panel which we want to use as a flat spcalccr radiator. We do so in such a 
way that more resonMt modes are present, to try and fix the perennial problem of the uneven, 
gapped response. Also suppose that when qiecifying the parameters. e.g.. the dimensions of 
length and width (or their bending wave equivalenla). we can actually slide one set of modal 
frequencies (x axis) along the other (y axis) in frequency so that they ialerleave better. If we 
were to do so we will have devised a new method to create a panel speaker, where there is 
suff cirait modal density and suffieieatly even spacins of mode frequencies to construct 
satisfactorily unifonn resonant frequency response. This development began in the fall of 
1995 at NXT m Cambridge, UK. and is called Distributed Mode (DM)- The technology has 
been patented woridwide. and in^wovemeota continue to receive patents. See, e.g., US 
6,332,029. 

14. With this development, which used the selection of bending wave parameters to 
create a designed modal distribution, came the matching proposal to analyse die physical 
distribution of the sets of modes over the surface of the bending panel, over the useful 
foimant frequency range, e.g.. up to 10 modes from the lowest frequencies in each primary 
axis. This provides the basis on which to choose uscM locations to drive the panel, i.e. the 
point of eicdtation. This is generally off-centre but still relatively near the panel centre for 
good efficiency. In fact the teaching goes much further than this and, for example, considera 
modes or degrees of freedom in further axes, e.g., rotation, diagonal motion, etc. 
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15 Th.n«tedDMdevclcpmaithaBledtoasubstantiBlflowcringof«seaichintheficW 

of bending wave panel ^cakers, «nd to . raft of academic papers and further pateat 
appUcations. lnfiu:t.«me200pat«i.fiunilieshavebeensetmt«rin«»tbisandrelated 
subjects since 1995. MilU<». of loud^eakerahavenowbeeaxnadou^iog the f^ 

DM principles. 

16 Earlybi&ex«aearchprogrBmfh.pioblemofadaptogtbcDMpaneUoanin«K,rt^ 

use taekled: anappUcatioP fbrclecm,nic displays. These would be uaed in a cathode ray 
mbeenviicmment'ProjectioD^dm^tise was also examined a* to its useless. 

n«»i!itVATioi«r ? ^m^RNiNO Srm. (¥H 2 649 5751 

17. Priorartexiatedfertonspawntspeaterpaoels. Perhaps the most practical and well 
explained ofthese was by Spite for Thomson Consumer Electronics. SeeKR 2 649 575. 
vduch was filed in 1989 (aiidpnblishedinl991). end its English translation (PTO 03 3564). 
Here practical electromagnetic exciters are employed at an edge of a transparent panel, which 
is placed in ftont of the display. At low to medium frequencies the significanfly heavy, ngid 
panel (thesepanelscamiotbe the usaal lightweight, skinned composites, instead they have f 
be solid transparent monoliths) acts as one. i.e. as a piston when it is set mto motion. As 
explained earlier, apanel diaphragm ofordinary construction has real problems when it 
begins to "bi^ak y>p". From there upwards it enteni the region of irregular bending for higher 
frequencies. 

IB. Spitz recognises this difficulty and offers a strategy to try and mitigats that unwanted 
result, which otherwise is likely to present as a severely irregular frequency response and 
poor sound. Without the means to order the resonances or the knowledge to drive them 
beneficially, Spitz follows the standard approach of the time, wUch is to try and make them 
go away. This is in complete contrast to DM and related teaching where bending wave 
resonances are positively encouraged, and beneficiaUy driven. 

19. In my opinion. Spitz seeks to operate his speaker as a pistonic type over a designed, 
operative range of ftequencies. I make the following detailed observations concemmg my 
understanding of the teachings of Spitz. Specific references are to the English translation 
(PTO 2003-3564). In the quoted passages, the itaUcized material in square brackets are my 

notes and comments. 
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(a) TtMchinE a tii«toii tvne susp "?""" ""cakn panel: 

To fecilitate the intended to and fro pfetonlc motion. Spitz ensures that the diaphragm 
is suspended onaconventionri piston tjpe support contmonlyknownas ahalf-toU sunoimd. 
of polymer or flexible rubber, to acoustically seal the edge to the frame or enclosure. Sealmg 
is required to preveut the low freqnendes ftom cancelling out, since piston speakers have 
sound output fiom the rear fece that is anti-phase relative to that ftom the front, 
See page 5. third fUU paragraph: 

The four edges of the screen are made integral with the cabinet 
*»ttfrtes«./]by afleodbl6jojnt[i.e., a compliant suspension] l{^<>Pfy^^ 
tissue type (syndirtic caoutchouc) embossed orroUed [tc o rubber rollj^pe 
««pe«iH fc»wri«g « technology simUar to that of the exteniaUuspens.ons 
of dectrodynaosic loud speakers [».«., conventional moving coil dnversl 

^■^ .^^v^ T^V«r n»nel ripid as » pistpq \^c^cAc^ of material, and 

IfM l.»ve fni perior or damnif f T ^'"''h^te »os5nMe resonances . 
See page 5, last paragraph. 

Screen 2 is preferably made of transparent polymer of the PMMA or 
TPX type, or even Ughter and presraiting at once, superior mechanical losses 
and rigidity. 

Al the time TPX was hailed as a new speaker cone material with a favom^bte combination of 
high mechanical loss and very high stif&esB. 

T«.l.^„^ f» ll^V n^amtain mst»n ^r^^rm bv spreadinR the drive more evenly mmA 
the panel ; 

Seepage 6, lines 1-3. 

To symmetrize the constraint \i.e.. forces] applied to the transparent 
screen several loud speaker motors can be used along its penphety .... 



This is a well-known technique to inhibit bending resonance in a diaphragm. 

r^^h^n, tn ke ep " T"^"" " fr^t^"''" ^^"^ P°^^^ 

r«^niT„. rigid, anri, thTie has no t «^titHred the bendmg range: 
See page 6, lines 3-6. 
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ran aU cases, the audio frequencies {acoustic frequencies) rq)ioduce [sic] by 
that screen will fiot exceed several himdreds of hertz. The higher fiequencies 
are reproduced by one or several loud speakcR with small dimensions. 

Note that at the higher fequencies, amall loudspeakers wiU be used to cany the 
output, exactly as taught &r conventional piston speakers used wi& a crossover 
network. 

(e) Tgyhin p thai wh^ an inerlial ex c ir^ is ii^^ it should prefer ably cnerpifie the panel at 
low, i.e.. pjstnnic frequencies: 

Or page 10 Spitz introduces inertial exciters. Note that inertial exciters are known 
and are of several types. Many heavier, limited bandwidth versions are seen in the prior art; 
mparticular Spitz indicates use of one of fliese where the coil assembly is mass loaded and 
the required inertial reaction force is actually communicated to the panel via the heavy 
magnet assembly. Such a magnet mass acts as a low pass or bass filter for the excitation 
carried to the panel. See Fig. 9. In my view this may be a deliberate design choice to try and 
restrict the otherwise wider operating range just to lower frequencies, where it seems clear 
that the panel is mtended to be pistonic. 
Seepage 10, final 5 lines: 

The invention also makes it possible to use inertial motors as shown in 
Figure 9. 

The inertial motors can be attached directly on the rear of the screen 2 
[ioiidspeaker panel] without any 5iq>port points. They work on the basis of the 
^action of mobile units 50. 51 reaction of support screen" principle by virtue 
of the eqnaUty of movement quaUties . . . [mass actitm and reaction: inertial 
reference mass]. 

(f) Teaching that bending reaopances are to b e Tninhnised or avoided e, r- ^om^ t^g 
aimlication of regonance damnin g- the fitting of anri-resonaiQrg at gtrate^ic positions 
wh^, a resoiiance would ntherwise be ac tive, and the use of high loss materials, e.g.^ 
tfie composition of the support or ed pe suspension: 

See page 1 1, lines 5 to 10: 

These motors {te. inertial] are very eSective at jfrequencies that are lowered 
by some hundredths of Hz where they excite the resonance modes of the shen 
or the plate of the screen {v^ knoY^ from plate physics (hat these shell modes 
must he at higher frequencies above first bending or breakup frequen^,te 
above the piston range]; the latter are amortized [reduced, suppressed] by the 
usual techniques (inertial masses based at vibration centers [these are anti- 
resonators], joints with the screen support made of flexible and absorbent 
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niaterials, ete.) [i.e.. edge damping using medkniaUfy lossy, flexible polym^s 
and similar materials]. 

20 SumiMrismg, I understand fern the Spitz patent that he proposes a solution to the 
problem of integtatingatrai^pa.^ large area speakCTdiBpbragmwithad^^^^ 
that the diaphragm, which is iathe fcim of a rigid panel, should operate at low. bass 
frequencies, where someone normally skiUed would ipderstand it to behave as a unit device 
working like a conventional piston. The fitting of a pistotwompatibleroU-edge, free 
suspension is advised to support the diaphragm, which as us^U is required to acoustically 
seal the edge Of this bass panel to avoid cancellation 4t low fiequencies. The possible 
problem of unwanted panel resonance is noted, togefher with several recommendationa on 
how to construct the speaker in order to avoid such resonsBces and their effects. Spitz is 
concerned with avoiding the need for an ordinary sejiarate bass enclosure for the low 
frequencies in order to make the display speaker ass^bly more compact. He does this by 
exploiting the large area available hi fiont of the screen, provided of course that the 
respective moving pand diaphragm is transparent Having achieved his pistonic bass 
speaker, the rcstofthe frequency range, the mid sndihigh frequencies, can be reproduced by 
natmUy smaller speaker units, whose small size all(iws easy placement in or on the rest of 
the structure. 

I 

fluSItRVATIONS rnHfrlERWING ^TTMA. ET AT. APPLICATION 

21 . When I consider application No. 09/752.830;to Azima, et al., I fmd very different 
teachmg, This technology is founded on the intended bending wave action of panel 
loudspeaker diaphragms. It addieeses the difBcultiejs encountered fbr a transparent panel 
deaisn in regard to the less flian opthnal, peripheral placement of the exciter, and offers 
sohrtions ro usefU coupling to available sets ofb«ding modes. Tie awkward combination 
of dispky and bending wave speaker is addressed as a unit item where the panel is mounted, 
and not freely supported, in order to create a ctedftle, practical unit and where the momiting 
includes restraint or clamping with thepurpose of riaximising die bending energy input from 
the exciteis. In particular, where a transparent pand is of a particular aspect ratio, or 
otherwise, the amount and location of the panel lestndnt maybe exploited to improve the 
distribution of bending wave modes for improved si>und quaUty. (Note that restraint for a 
bending wave panel is not equivalent to the blockirig effect on a moving piston. For a 
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beodmg wave panel a olamp acts as reflector. Energy is not lost; it is instead redirected as a 
different wave shape and distributioii.) 

rriMrueaoNS 

22, I cannirt find any patent-relevant oonneclion between Ibe patent of Spitz and the 
tppUcation of Aama, et al. While they bolt address the problem of a transparent speaker 
panel, they do so fiom qiiite different viewpoints. 

23. Spitz consistently sad persuasively teaches conventional pistonic speaker behaviour 
for a rigid panel, con^liantly supported and sealed ai a piston. He understands that bending 
tesonances may weU occur in a large pand despite measnreB, such as flie use of multiple 
exciters arranged aKumd the periphery, to ke^ the panel movuig uniformly. He teaches 
sevwal supplementary techniques to avoid, suppress and control these unwanted resonances 
should they occur in B desiga The techniques are well known to piston diaphragm designers, 
and Spitz includes mass type anti-resonators placed at strategic hjcations, applied damping, 
for example at (be edge of the transparent panel, peihaps tobe comWned with the compliant, 
fl«rible edge support; and finally the choice of panel material itself which should have 
inhermt mechanical loss for good self-dampmg in respect of resonances, as well as high 
rigidity to inhibit bending in the first place. 

24. Azima. et al. come fiom the DM bending wave technology sector and have eschewed 
conventional piston technology. Their speaker is bending resonant ftom the start, pistonic 
action is to some degree inhibited by the design integers, not least because the physics 
indicates that radiation &om pure bending is significantly more effective when the radiating 
panel is proximate to a display unit when compared with pistonic action. Therehitively small 
air gap impedes piston operation, rendering it less effective. While no Spitz-t^je speakers 
were put into production, the solution presented in the Azima, et aL application has already 
resulted in the sale of hundreds of thousands of valuable and eSiwtive SoundVu® brand 
transparent bending wave loudspeakers of good sound quality, manufactured by NXT 
licensee NEC, and mcoiporated in their computers. NEC is one of the top computer niakeni 
and electronic companies in the world Global NBC sales are quoted at $39 billion, and the 
SoundVu® brand designs are expanding rapidly at this time as the many products in which it 
is used cross over into home mtertamnuM, DVD, movie replay and television. 
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I further declare that aU statements made herein od my own knowledge are true and 
that aU statements made on information and beUef are believed to be true; ajid further that 
these statements were made witii the knowledge that willfUl &lse statements and the like sq 
made are pindsbableby fine or imprisonment, or both, under section 1001 of Title 18 of the 
United States code, and thai such willful false statements may jeopardize the validity of the 
application or any patent issuing thcxeon. 

Martin CoUoms 
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